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Abstract

This study was conducted to develop a valid and reliable instrument to measure the 21st-century skills of elementary school
students in the context of STEAM-based learning. The 21st-century skills include five main dimensions: critical thinking,
creativity, collaboration, communication, and digital literacy. The research used a Research and Development (R&D)
approach with stages including construct development, expert content validation, field testing, construct validity analysis
using Confirmatory Factor Analysis (CFA), and reliability testing. The pilot sample consisted of 120 fifth-grade students
from six elementary schools in West Sumatra Province. Content validation results showed a Content Validity Index (CV1)
value of 0.89, while CFA analysis showed a good measurement model with a CFI value of 0.94 and an RMSEA value of
0.063. All dimensions showed high internal reliability, with Cronbach's Alpha values between 0.76 and 0.83 and
Composite Reliability (CR) between 0.81 and 0.87. These results indicate that the developed instrument is suitable for use
as a valid and consistent measure of elementary school students' 21st-century skills and can support contextual learning
assessments relevant to future education demands.
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1. Introduction

The 21st century is characterized by rapid developments in information technology, the complexity of global issues,
and changes in socio-economic dynamics that demand new competencies from every individual [1-5]. In this context, the
education system faces the challenge of teaching knowledge and developing critical thinking, creativity, collaboration,
communication, and digital literacy skills, known as 21st-century skills [5-12]. As the main foundation for shaping
children's character and cognitive abilities, basic education plays a strategic role in preparing students to face a dynamic
and uncertain future [13-17].

Several international organizations, such as the Partnership for 21st Century Skills (P21), the World Economic Forum,
and UNESCO, emphasize that 21st-century skills must be integrated from the primary education level. P21, for example,
identifies four core competencies—critical thinking, communication, collaboration, and creativity (4C)—as essential skills
that need to be developed through the education system [18, 19]. In Indonesia itself, the strengthening of character and
21st-century skills has been reflected in the Merdeka Curriculum policy, which promotes a contextual, project-based
learning approach and encourages the strengthening of the Pancasila student profile [20-25].

However, the implementation of strengthening 21st-century skills will not be effective without accurate and context-
appropriate measurement instruments. A good instrument must be able to measure complex competencies, not only from a
cognitive aspect, but also from an affective and psychomotor aspect. Unfortunately, various studies show that the
measurement of 21st-century skills, especially at the elementary school level, still faces several limitations. First, many of
the instruments used originate from abroad and have not undergone a process of adaptation and validation in the context of
Indonesian education [26]. Second, the measurement approach is often purely cognitive, without considering the process
and real application in learning [27, 28].

The STEAM (Science, Technology, Engineering, Arts, and Mathematics) approach is a potential alternative to bridge
these needs. STEAM is an integrated learning model that combines various disciplines with a project-based approach and
contextual problem solving. Through STEAM, students are encouraged to understand concepts and apply them creatively
and collaboratively in real-life situations [19, 29-32]. This approach aligns with the development of 21st-century skills, as it
encourages continuous exploration, discovery, and communication in the learning process [33-35].

Several studies have stated that the application of STEAM in primary education can improve critical thinking and
problem-solving skills and strengthen students' curiosity and collaborative attitudes [10, 36, 37]. However, even though the
STEAM approach has been widely used in learning, developing measurement instruments for 21st-century skills based on
the STEAM context is still very limited, especially in Indonesia. This indicates a gap between the pedagogical approaches
used and the available evaluation tools.

The instruments currently used to measure the 21st-century skills of elementary students are generally still generic, not
integrated with the learning approaches applied in the classroom, and do not meet the criteria of scientific validity and
reliability . On the other hand, existing studies still focus on middle and high school students, assuming that 21st-century
skills do not need to be developed in depth at the elementary level [17, 38-41]. In fact, based on Piaget's cognitive
development theory, elementary school age is a transition period from the concrete operational stage to the formal
operational stage, which is the ideal moment to instill critical and creative thinking patterns [42-47].

This research gap opens up space for developing new instruments that are not only contextually relevant but can also
be validated through modern statistical quantitative approaches, such as confirmatory factor analysis (CFA) or the Rasch
model. These instruments need to be carefully designed, starting with competency mapping, indicator development, and
item writing and ending with empirical testing of their validity and reliability.

This study aims to develop a 21st-century skills measurement instrument for elementary school students designed
based on the STEAM learning approach, which has been empirically tested to ensure its construct validity and reliability.
The novelty of this research lies in several aspects. First, this research specifically targets elementary school students as the
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main subjects, who have been neglected in developing 21st-century skills instruments. Second, the instrument integrates the
STEAM approach directly into its constructs and indicators, so the measurement results better reflect the actual learning
process in the classroom. Third, the instrument was comprehensively tested through expert validation, field trials, and
quantitative statistical analysis to ensure the methodological quality of the instrument.

Thus, the results of this study are expected to provide practical contributions in the form of measuring tools that can be
used by teachers and researchers and theoretical contributions in the field of educational measurement. In addition, this
study provides a starting point for the development of contextual and data-driven policies and strategies to strengthen 21st-
century skills from the elementary education level.

Through the STEAM approach, basic education can become a space that transmits knowledge and builds the thinking
skills needed to face future challenges. However, to ensure that this process runs effectively, appropriate, valid, and reliable
measurement instruments are needed. Therefore, developing STEAM-based instruments to measure 21st-century skills is a
strategic step in building an adaptive and transformative education evaluation system.

2. Materials and Methods
2.1. Research Design

This research and development (R&D) study aims to produce a measurement instrument for 21st-century skills based
on the STEAM approach and intended for elementary school students. The development model used in this study refers to
the Borg & Gall model [48] which has been madified into six main stages to suit the needs and scope of the research,
namely:
preliminary study and needs analysis,
construction and indicator development,
item development,
content validation by experts,
limited testing, and
analysis of the validity and reliability of the instrument.

ThIS model was chosen because it is flexible and systematic and has been widely used in developing educational
instruments, especially those involving an integrated quantitative and qualitative approach.

°’.U".4>9°!\’!—‘

2.2. Research Location and Participants

This study was conducted in six public elementary schools in West Sumatra Province, Indonesia, with diverse
geographical and socio-economic characteristics. Schools were selected purposively, considering the willingness of the
schools, the availability of teachers who applied the STEAM approach, and the representation of urban and semi-urban
contexts.

The test subjects were 120 fifth-grade students from the six schools, selected using cluster random sampling based on
class availability and parental consent. Fifth grade was chosen because students at this level generally have adequate basic
literacy skills to understand the instrument items and are in the cognitive development stage towards the formal operational
stage according to Piaget's theory [49, 50].

2.3. Research Instrument
The instrument developed was a non-test questionnaire with a 5-point Likert rating scale, ranging from "very
inappropriate” to "very appropriate.” This instrument aimed to measure five main aspects of 21st-century skills, namely:

1. Critical thinking,

2. Creativity,

3. Collaboration,

4. Communication, and

5. Digital literacy.

These five aspects are arranged based on the framework of the Partnership for 21st Century Learning [6] which is then
contextualized with the STEAM (Science, Technology, Engineering, Arts, and Mathematics) approach in the indicator
development process. Each aspect has several indicators reflecting student competencies in project-based learning or
interdisciplinary problem-solving activities.

An example of a critical thinking item is: "I can explain the reasons for choosing a solution in a group project."”
Meanwhile, for the collaboration aspect, "I respect my friends' opinions when developing an experiment plan.”

The initial instrument consisted of 38 items, which were then refined based on input from experts and the results of
field trials.

2.4. Instrument Validation
Content validation was conducted by three experts with backgrounds in primary education, educational evaluation,
and STEAM curriculum. The validation process was carried out using two approaches:
1. Content Validity Ratio (CVR) — used to assess the relevance of each item to the theoretical construct. Experts
were asked to rate each item using a 3-point scale: "necessary," "necessary with revision," and "unnecessary." The
CVR value was calculated using Lawshe's formula [51].
2. Content Validity Index (CVI) — to see the overall agreement on the quality of the instrument, particularly in terms
of language clarity, readability, and cultural context appropriateness [52].
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Items with a CVR value < 0.33 (for three experts) were eliminated or revised, while the overall CVI must be > 0.80 for
the instrument to be considered suitable for field testing.

2.5. Data Collection Procedure

Data were collected by distributing printed questionnaires to students who had obtained approval from the school and
parents. The filling process was carried out in class with the assistance of teachers and researchers. The trial was conducted
over two weeks in May 2025. All procedures were carried out per research ethics principles, including informed consent,
data confidentiality, and voluntary participation.

2.6. Data Analysis Techniques
The data obtained were analyzed quantitatively to assess construct validity and instrument reliability. The analysis
techniques used included:

1. Construct validity testing was conducted through Confirmatory Factor Analysis (CFA) using AMOS v24 software.
CFA was used to verify the instrument's factor structure, which was developed based on the theoretical model of the
five dimensions of 21st-century skills.

The model goodness-of-fit criteria refer to the following values:
Chi-square/df < 3,
CFI1>0.90,

e TLI>0.90,

e RMSEA <0.08 [6].

2. Internal reliability testing was conducted using Cronbach's Alpha for each subscale, with a minimum reliability
threshold of a > 0.70 to indicate good internal consistency [7]. In addition, composite reliability (CR) and average
variance extracted (AVE) were used to examine construct consistency and convergence. The entire analysis was
done using IBM SPSS Statistics v26 software for initial descriptive analysis and AMOS v24 for CFA.

2.7. Access to Codes and Data

The final instruments and statistical analysis documentation are stored in digital form. If needed for replication or
further study, the raw data and CFA analysis scripts can be accessed through an open repository linked in this article's
appendix or additional references section.

3. Results
3.1. Content Validation Results by Experts

Content validation of the instrument was conducted by three experts with expertise in basic education, learning
evaluation, and STEAM-based curriculum development. The experts were asked to evaluate 38 items of the initial
instrument based on three main criteria: relevance to 21st-century skills constructs, readability by elementary school
students, and contextual appropriateness with the STEAM approach. The validation process used a three-point scale: 1 =
not necessary, 2 = necessary with revision, and 3 = necessary. This assessment was used to calculate each item's Content
Validity Ratio (CVR), using the CVR formula developed by Lawshe [51]. In the context of three experts, the minimum
acceptable CVR threshold was > 0.33.

The validation results showed that of the 38 items developed, 32 items had a CVR value of > 0.33 and were declared
valid, while the other six items did not meet the requirements and were declared invalid in terms of content. The revision
process was carried out on items declared invalid, either through editorial refinement or deletion of items deemed
irrelevant. The total Content Validity Index (CVI) score for the entire instrument reached 0.89, reflecting a high level of
agreement among experts on the overall quality of the instrument [52].

Details of the content validation results based on 21st-century skill dimensions can be seen in the following table:

Table 1.

Validation Results.

Skill Dimension Initial Item Valid Items Invalid Items Average CVR | CVI per Dimension
Count (CVR >0.33)

Critical Thinking 7 6 1 0.78 0.90

Creativity 7 6 1 0.67 0.88

Collaboration 8 7 1 0.83 0.91

Communication 8 7 1 0.83 0.89

Digital Literacy 8 6 2 0.61 0.86

Total / Average 38 32 6 0.74 0.89

The data in Table 1 shows that the collaboration and communication dimensions have the highest average CVR value,
namely 0.83, which indicates a very good level of content validity. Meanwhile, the digital literacy dimension has the lowest
average CVR (0.61) and the most invalid items, namely, two items. This indicates that in the context of elementary school
students, digital literacy may require a more specific language and context approach to be understood correctly.
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As an illustration, the following are the results of content validation in the critical thinking dimension, which consists
of seven initial items. Three experts and the CVR value evaluated each item and calculated the value. Six of the seven
items were declared valid, while one had a CVR value below 0.33.

Table 2.

Example of Critical Thinking Dimension Validation.

Item Code | Brief Statement Expert 1 | Expert 2 | Expert3 | CVR
BK-1 I can explain the reasons for choosing the solution 3 3 3 1.00
BK-2 I consider all ideas before making a decision 3 3 2 0.67
BK-3 | follow my friends' opinions without thinking twice 1 2 1 -0.33
BK-4 I can distinguish between facts and opinions in discussions 3 3 3 1.00
BK-5 I use logical reasoning when solving problems 3 2 3 0.67
BK-6 I ask questions when | don't understand the problem 3 3 3 1.00
BK-7 I draw conclusions based on the available information 3 2 2 0.33

From Table 2, item BK-3 was declared invalid because it had a CVR value of -0.33, and was removed from the
instrument. Meanwhile, the other items were retained for further testing. A similar pattern also occurred in other
dimensions, where invalid items generally had ambiguous wording or were not appropriate for the cognitive development
context of elementary school students.

After the validation and revision process, a final instrument of 32 items was obtained, which were distributed
proportionally across the five dimensions of 21st-century skills: six items for critical thinking, six items for creativity,
seven items for collaboration, seven items for communication, and six items for digital literacy. These results indicate that
the instrument has a balanced content structure and meets the criteria for strong content validity for use in measuring the
21st-century skills of elementary school students based on the STEAM approach.

3.2. Description of Field Test Results Data

The content-validated instrument, consisting of 32 items, was then tested on 120 fifth-grade students from six
elementary schools in West Sumatra Province, Indonesia. This trial aimed to obtain an initial overview of data distribution
and student response trends and detect possible item biases or item incompatibility with respondent characteristics. The
completion process was carried out in a structured manner in the classroom, with assistance from teachers and researchers,
and took between 30 and 40 minutes.

Preliminary data analysis was performed using descriptive statistics, including the mean and standard deviation, for
each dimension of 21st-century skills. The results show that the average score per dimension ranges from 3.62 to 4.31 on a
5-point Likert scale, while the standard deviation values range from 0.51 to 0.68. These values indicate that, in general,
student responses are in the positive category, and there are no indications of extreme deviations (outliers) or abnormal
response patterns.

More specifically, the collaboration dimension recorded the highest average value (mean = 4.31) with a standard
deviation of 0.51, indicating that students' collaboration skills have developed well. This is likely because group-based and
project-based learning have become part of routine activities in elementary schools. Meanwhile, the digital literacy
dimension showed the lowest mean score (mean = 3.62) and a relatively higher standard deviation (0.68), indicating
variation in students' abilities in using digital technology. This is possible due to differences in access to digital devices in
school and home environments and the suboptimal integration of technology in daily learning.

A summary of the descriptive data for the five dimensions of 21st-century skills is presented in the following table:

Table 3.

Results of the Field Test Calculations

21st Century SKill Dimensions | Number of Items | Mean | Standard Deviation (SD) | Response Category
Critical Thinking 6 3.98 0.61 High

Creativity 6 3.86 0.66 High

Collaboration 7 4.31 0.51 Very High
Communication 7 4.10 0.55 High

Digital Literacy 6 3.62 0.68 Fairly High

The data in Table 3 shows that almost all dimensions are in the "high™ category, except for digital literacy, which is in
the "fairly high" category. This shows that, in general, the elementary school students who were respondents have shown a
positive trend towards the 21st-century skills measured, with a relatively better level of mastery in social aspects
(collaboration and communication) than technological ones.

Furthermore, the standard deviation values, which tend to be low in all dimensions, indicate that the distribution of
student responses is relatively even, without any high deviation from the mean. This reinforces the assumption that the
items in the instrument are well-suited to the abilities and experiences of elementary school students. No extreme response
patterns were found (e.g., all scores were "strongly agree" or "strongly disagree"), indicating that this instrument is quite
sensitive in capturing variations in abilities between individuals.
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These descriptive findings provide initial indications that the developed instrument has good content validity and can
also be understood and used effectively by elementary school students, in accordance with their cognitive development and
learning experience levels. This is an important foundation before further constructing a validity analysis through
confirmatory factor analysis (CFA) and reliability testing.

3.3. Results of Construct Validity Analysis (CFA)

After the instrument was declared valid in content and field testing was conducted, the next step was to test construct
validity using the Confirmatory Factor Analysis (CFA) approach within the Structural Equation Modeling (SEM)
framework. This analysis was conducted using AMOS software version 24 to ensure that the instrument's factor structure
was in accordance with the theoretical model that had been designed, namely 21st-century skills consisting of five main
constructs: critical thinking, creativity, collaboration, communication, and digital literacy.

Several indicators developed into items, each consisting of 67 items, measure each construct. The CFA model tests
the extent to which empirical data support the theoretical structure of the five dimensions, taking into account the
goodness-of-fit indicators and factor loadings of each item.

The analysis results show that the measurement model has an excellent level of fit, with the following indicators:

e  Chi-square/df = 2.36 (a value below 3 indicates model fit),

e Comparative Fit Index (CFI) = 0.94,

e  Tucker Lewis Index (TLI) =0.92,

e Root Mean Square Error of Approximation (RMSEA) = 0.063.

These values overall meet the model fit criteria suggested by Lawshe. Thus, the five-dimensional construct model
developed is empirically consistent with the data obtained from the instrument trial.

In addition to model fit indicators, CFA also produced important information in the form of factor loadings for each
item on its construct. High loading values indicate that the item represents the construct well. In this study, all factor
loadings were in the range of 0.61 to 0.83, and all were significant at the p < 0.01 level. This shows that each item of the
instrument substantially contributes to the measured 21st-century skills construct.

The following is a summary of the CFA factor loading results for each dimension:

Table 4.

Factor Loading Results.

21st Century Skills Number of Factor Loading Average Factor Significance
Dimension Items Range Loadings

Critical Thinking 6 0.63 -0.80 0.72 p<0.01
Creativity 6 0.61-0.78 0.70 p<0.01
Collaboration 7 0.68 — 0.83 0.76 p<0.01
Communication 7 0.66 — 0.81 0.74 p<0.01
Digital Literacy 6 0.62-0.79 0.71 p <0.01

Based on Table 4, All constructs showed average factor loadings above 0.70, indicating a strong relationship between
the items and the constructs. Loadings greater than 0.60 are considered adequate in SEM analysis, and greater than 0.70
indicates that each item can represent its construct consistently.

Furthermore, no items with loadings below 0.60 were found, which are usually candidates for elimination. Therefore,
all 32 items were deemed feasible to retain in the final model and can be used to measure the 21st-century skills of
elementary school students in the context of STEAM-based learning.

These findings reinforce that the five-dimensional instrument structure developed is not only content-valid but also has
excellent construct validity based on empirical testing. This construct validity provides a strong foundation for trusting the
instrument’s measurement results and using them to assess student competencies more holistically and evidence-based.

3.4. Reliability Test Results
Reliability analysis aims to measure the level of internal consistency of the developed instrument to ensure that each
item in a construct dimension provides stable and consistently correlated results. In this study, reliability testing was
conducted on the five main constructs of 21st-century skills using two complementary statistical approaches, namely:
e Cronbach's Alpha — measures internal consistency between items in a single construct.
e Composite Reliability (CR) and Average Variance Extracted (AVE) measure the overall reliability of the construct
in the CFA (Confirmatory Factor Analysis) model.

A Cronbach's Alpha value above 0.70 is considered adequate, indicating that each dimension has strong internal
consistency. Meanwhile, a CR value is considered good if it is > 0.70, and an AVE value of > 0.50 indicates that the
construct has fairly good convergent validity.

The reliability test results for the five dimensions are presented in the following table:
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Table 5.

Reliability Test Results for the 21st Century Skills Instrument.

21st Century Skills Cronbach’s Composite Reliability Average Variance Extracted
Dimension Alpha (CR) (AVE)

Critical Thinking 0.81 0.85 0.57

Creativity 0.78 0.82 0.54
Collaboration 0.83 0.87 0.61
Communication 0.80 0.84 0.56

Digital Literacy 0.76 0.81 0.52

Based on Table 5 it can be seen that all dimensions have a Cronbach's Alpha value above 0.76, which means that each
item in each construct has a consistent and reliable correlation for use in repeated measurements. The collaboration
dimension shows the highest reliability (o = 0.83; CR = 0.87), confirming that students tend to respond consistently to
items in this construct.

The Composite Reliability (CR) values also show strong results, ranging from 0.81 to 0.87, reinforcing the confidence
that each construct has been accurately measured in the structural model. Furthermore, the AVE values for all dimensions
were above 0.50, indicating that most of the variance in each construct was successfully explained by its constituent items,
thus meeting the criteria for convergent validity.

These reliability test results reinforce previous findings that the developed instrument has high measurement quality in
terms of construct validity and internal consistency. Thus, this instrument is suitable for use to measure 21st-century skills,
particularly in the context of STEAM learning at the elementary school level. This instrument is not only statistically
accurate but also stable in measuring the important aspects students need to face the challenges of the 21st century.

Based on all stages of analysis, the 21st-century skills measurement instrument developed in this study has met the
criteria for theoretical and empirical feasibility. The final instrument consists of 32 statements distributed proportionally
across the five dimensions of 21st-century skills: critical thinking, creativity, collaboration, communication, and digital
literacy. The results of expert content validation showed a very high level of agreement with a Content Validity Index
(CVI) value of 0.89. At the same time, item selection and revision were based on the Content Validity Ratio (CVR) value.
Construct validity testing through Confirmatory Factor Analysis (CFA) confirmed that the five-dimensional model has
good statistical validity (CFI = 0.94; RMSEA = 0.063), supported by significant and strong factor loadings. In addition,
internal reliability testing showed that all dimensions had a high level of consistency with Cronbach's Alpha values
between 0.76 and 0.83, and Composite Reliability (CR) between 0.81 and 0.87. Thus, this instrument can be declared valid
and reliable for measuring the 21st-century skills of elementary school students, particularly in the context of STEAM-
based learning.

4. Discussion

This study produced a measurement instrument for 21st-century skills specifically designed for elementary school
students in the context of STEAM-based learning. The instrument's content validity, construct validity, and reliability have
been tested and meet strong scientific criteria. Overall, these findings support the working hypothesis that 21st-century
skills in elementary school students can be measured validly and reliably if developed with the appropriate pedagogical and
theoretical approaches.

High content validity, as indicated by a Content Validity Index (CVI) value of 0.89, indicates a very good level of
agreement among experts regarding the relevance and readability of the items [53]. This aligns with Lawshe [51] statement,
which emphasizes the importance of expert involvement in assessing the suitability of items to the construct. The CVR
value used to select items also shows that each instrument item was developed based on the principle of concept
representativeness [54].

The construct validity test through Confirmatory Factor Analysis (CFA) shows that the five-dimensional model of
21st-century skills—critical thinking, creativity, collaboration, communication, and digital literacy—has a good level of
model fit. The CFI value of 0.94 and RMSEA of 0.063 are within the range suggested by Hu and Bentler [55] which states
that CFI > 0.90 and RMSEA < 0.08 indicate a statistically suitable model. By Martynova, et al. [56] emphasizes that a well-
fitting measurement model is an important basis for construct validity, demonstrating the relationship between theory and
empirical data.

The dimension with the strongest consistency is collaboration, with the highest factor loading and internal reliability of
0.83. This indicates that aspects of cooperation and social interaction are highly developed in elementary school students,
which aligns with Vygotsky's view of the importance of social interaction in children's cognitive development Nguyen, et
al. [57]. Zainil, et al. [19] state that the STEAM approach naturally enhances collaboration skills through project
completion that requires student coordination [19].

In contrast, the digital literacy dimension showed the lowest average score (mean = 3.62), indicating that elementary
school students still have low mastery of technological skills. This reinforces the findings of Hsu, et al. [58] who revealed
that digital literacy at the elementary level is highly dependent on access to and integration of technology in learning Hsu,
et al. [58]. Peng and Yu [59] emphasizes that digital literacy is a technical ability and includes critical thinking skills in
using digital information [59].

In general, all dimensions showed Cronbach's Alpha reliability values above 0.76 and Composite Reliability (CR)
above 0.81, exceeding the minimum limit of 0.70 recommended by Kennedy [60]. Haji-Othman, et al. [61] also emphasize
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that a CR value above 0.80 indicates strong construct reliability, and an AVE value greater than 0.50 reflects good
convergent validity [61].

The instruments developed in this study also made an important contribution to the pedagogical approach. As
suggested by Ramadhani, et al. [29] the integration of the STEAM approach in the development of instrument indicators
provided a more realistic and interdisciplinary learning context. The STEAM approach has been proven to develop critical
thinking, creativity, and collaboration skills through project-based activities [62].

From a theoretical perspective, this study's results expand the model for measuring 21st-century skills, which was
previously applied more to secondary or higher education levels [63]. These findings also support the argument that 21st-
century skills can and should be developed from the elementary level, with a learning approach appropriate for students'
developmental age [32].

The practical implications of this research are extensive. First, teachers can use this instrument as a diagnostic tool to
assess students' strengths and weaknesses in the five dimensions of 21st-century skills. The assessment of these skills must
be formative so that it can guide adaptive learning strategies [64]. Second, schools can use the measurement results to make
decisions in curriculum planning and developing project-based learning (PBL) or STEM/STEAM programs.

Third, the government and education policymakers can use this instrument to formulate data-based policies to
strengthen character education and future competencies. OECD [65] states that 21st-century education systems must be
oriented toward developing transferable complex competencies, not merely content mastery [66].

However, as with other studies, this study has several limitations that must be considered. First, the pilot test was only
conducted on fifth-grade students in six elementary schools in West Sumatra Province. Although it covers contextual
variations, these results cannot be generalized nationally [67]. Second, the instrument was still in the form of a self-
assessment questionnaire that was highly dependent on the respondents’ understanding, which at the elementary school age
could be biased or influenced by the desire to "please” the teacher or researcher. Third, the analysis is still limited to a
covariance-based CFA approach. In the future, using the Rasch model or multi-group CFA approach can provide more
detailed information about construct invariance between groups [68]. Based on these results and limitations, further
research is recommended to test the instrument on a broader scale and across regions. In addition, a digital version of this
instrument needs to be developed to be used efficiently in online or hybrid learning systems. Finally, integrating this
instrument with performative assessments such as STEAM-based project rubrics can result in a more authentic and
comprehensive assessment approach [69].

Overall, this instrument can make an important contribution to the development of educational assessments relevant to
the needs of the 21st century. With its proven validity and reliability, as well as its STEAM-based contextual approach, this
instrument has the potential to be used in various contexts of learning and national basic education evaluation.

5. Conclusion

Using a STEAM-based learning approach, this study produced a valid and reliable measurement instrument for 21st-
century skills for elementary school students. The final instrument consists of 32 items reflecting five main dimensions—
critical thinking, creativity, collaboration, communication, and digital literacy—with high content validity (CVI = 0.89), an
appropriate CFA model (CFI = 0.94, RMSEA = 0.063), and strong internal reliability (a = 0.76-0.83; CR = 0.81-0.87).
These results indicate that 21st-century skills can be measured validly and consistently from the elementary school level if
developed using a contextual and pedagogically integrated approach. This instrument serves as an evaluation tool and as a
foundation for developing learning that is more relevant to future demands. However, limitations such as geographical
constraints and self-report-based measurement methods must be considered. Therefore, further testing on a larger scale, the
development of a digital version, and integration with performative assessments are recommended to strengthen the quality
and utilization of this instrument in the national education system.
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